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One of the fish in Indonesian waters that has been successfully bred and 
cultivated is the catfish (Pangasius sp.). In catfish farming, there are several 
water quality factors that need to be considered, such as temperature and 
dissolved oxygen levels. Based on the existing description, it is very 
important to pay attention to the water quality of aquaculture ponds, 
especially temperature and dissolved oxygen levels for fish survival. This 
study aims to create an internet of things (IoT) based monitoring system for 
temperature and dissolved oxygen levels in catfish aquaculture pond water 
based on NodeMCU ESP8266. Monitoring system is using SEN0237 gravity 
analog dissolved oxygen sensor, DS18B20 sensor module, NodeMCU 
ESP8266, 20x4-character liquid-crystal display (LCD), micro secure digital 
(SD) card module, internet modem. Data from measurements of temperature 
and dissolved oxygen levels are stored online in the Adafruit.io database in 
the .csv format and on a micro secure digital (SD) card in the device in the 


.txt format. The lowest value of dissolved oxygen levels and temperature are 
3.4 mg/L or 3.4 ppm and a temperature of 27.9 °C, respectively. Meanwhile, 
the highest value of dissolved oxygen levels and temperature are 4.6 mg/L or 
4.6 ppm and temperature of 30.9 °C, respectively. 
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1. INTRODUCTION 

Catfish is one of the native fish in Indonesian waters that grows well. Catfish is a freshwater fish that 
belongs to the catfish (Pangasius sp.) type. Pangasiidae can be mass-produced and offers the potential for 
industrial-scale development due to its basic characteristics of lacking scales, having few spines, having a fairly 
fast growth rate, and having high fertility and survival rates. With all these benefits, this fish has increased 
economic value among fishery commodities, both in the hatchery and grow-out business sectors [1], [2]. In 
recent times, real time water quality monitoring in aquaculture has been brought by the fast development of 
internet of things (IoT) technology effectively. Globally, water quality monitoring systems based on IoT and 
wireless communication technologies have been widely studied intensively [3]-[13]. 

Dissolved oxygen levels are one of the water quality parameters that can cause large numbers of fish 
to die. The processes of decomposition, reproduction and development in ponds are hampered by low 
dissolved oxygen levels. According to Indonesian National Standard (SNI) number 01-6483.3-2000 for 
catfish culture, dissolved oxygen levels range from >4 mg/L. The need for fish for dissolved oxygen levels 
depends on the age of the fish, fish activity, and water quality [14]. Dissolved oxygen levels in ponds vary 
from time to time. Research show that dissolved oxygen levels change due to the influence of changing 
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temperatures due to unstable weather [15]. According to Effendi [16], dissolved oxygen levels for fisheries 
must be at least 5 mg/L. If the concentration of dissolved oxygen is not balanced, the fish will be stressed 
because the brain does not get enough oxygen. Fish will experience anoxia because their body tissues are 
unable to bind dissolved oxygen in the blood. 

The water temperature of fish farming ponds is an important factor. The ideal temperature tolerance 
range for catfish according to SNI number 01-6483.3-2000 is between 25-30 °C. Pool water temperature 
affects water quality [17]. Oxygen solubility is one of the characteristics of water quality that is affected by 
temperature variations. With increasing temperature, the level of solubility of oxygen decreases [18], [19]. 
Once there is an increase in temperature, the amount of solubility of oxygen in water will decrease. An 
increase in temperature causes the metabolic activity of fish to be greater which results in a doubling of 
oxygen consumption in fish. Low water temperature can affect the ability of fish to bind oxygen so that it can 
inhibit fish development [20]. Fish that experience stress reduce stamina and reduce hunger, and eventually 
starve to death [16]. 

The DS18B20 temperature sensor is a device that can read temperature variations and then translate 
these changes into electrical quantities. This sensor is connected to the microcontroller using a single cable 
and is a digital sensor. These sensors are special because each sensor contains a serial code that allows the 
use of multiple DS18B20s in one-wire transmission. This sensor can be used with 3.0 to 5.5 V. The sensor 
has +0.5 °C accuracy from -10 to +85 °C and can be used in the temperature range of -55 to 125 °C (-67 to 
+257 °F) with a resolution of 9 to 12 bits [21]. SEN0237 gravity analog dissolved oxygen sensor is a sensor 
for measuring dissolved oxygen levels in water. These sensors are widely used in various water-related 
sectors, including research, aquaculture, and monitoring of the aquatic environment. This sensor is open 
source and compatible with various microcontrollers, allowing users to use it freely and openly. This sensor 
has a galvanic probe type with a detection range of 0 to 20 mg/L. This sensor has a response time of up to 
98% full response, within 90 seconds (25 °C) sensor pressure range from 0 to 50 psi with electrode service 
life generally for 1 year for normal use [22]. NodeMCU ESP8266 is a microcontroller equipped with the 
ESP8266 chip. This microcontroller has multiple input or output ports to enable monitoring and control 
applications for IoT projects. The NodeMCU ESP8266 is an evolution of the ESP8266 version of the ESP-12 
IoT platform module family. This module works very similarly to the Arduino module platform in terms of 
functionality, but the difference is "connected to the internet" [23]. 

Several studies that have been conducted regarding the measurement of water quality in aquaculture 
ponds. For instance, Moreno-Rodenas et al. [24] in 2017 was working on a data acquisition system for 
measuring dissolved oxygen levels with the results that the average dissolved oxygen level is in the range of 
3 to 5 mg/L in rainy conditions and between 3 to 7 mg/L on cloudy conditions. Next, research by Kustija and 
Andika [25] in 2021, was showing a system for monitoring temperature and dissolved oxygen levels in 
catfish ponds with the Raspberry Pi that was obtained the water temperature varied with time. Furthermore, 
research by Bima et al. [26] in 2018 built a temperature remote monitoring system in Bangkok tilapia ponds, 
the effective temperature for fish pond water was an indicator of 28 to 30 °C. To fill the needs of fish 
consumes, aquaculture methods have been forced to overproduce and resulting in the accelerated water 
environment degradation and the old of agricultural workers in many parts of the world so will face the 
dilemma of shortage of labor, and IoT aquaculture method is one of the method that can resolve the issue 
[27]. Fish farming has been applied widely recently. In Bangladesh, fish monitoring had been studied based 
on IoT so it notified the user the amount of dissolved oxygen, ammonia level, pH level, and water body 
temperature. It can help fish farmers to measure the parameters and provide necessary things to grow more 
fish and facing water pollution [28]. Latest research by Loh et al. [29] showed that to address the challenges 
of maintaining aquatic environment, IoT fish farm monitoring system has been done to provide several 
features such as temperature, pH, dissolved oxygen, total dissolved solid, and energy usage of the water 
pump. 

Erratic weather patterns cause poor water quality for fish farming, which makes fish susceptible to 
disease and if it continues will result in mass fish mortality. Based on the existing description, it is very 
important to pay attention to the water quality of aquaculture ponds, especially temperature and dissolved 
oxygen levels for fish survival. In this research, a remote and IoT based monitoring system for temperature 
and dissolved oxygen levels in catfish farming ponds will be made using the DS18B20 and SEN0237 gravity 
analog dissolved oxygen sensor internet-based sensors which will be tested and implemented in catfish 
farming ponds. This monitoring system uses NodeMCU ESP8266 as a microcontroller and Adafruit.io as an 
online interface. By applying IoT technology with an internet network, this up-to-date technology is able to 
send data and offer speed and a vast distance [30]. This research develops IoT technology for sending 
parameter data from dissolved oxygen level and temperature directly to a web server. Then, the stored data 
for 24 hours on the webserver can be processed for further identification all the time. 
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2. RESEARCH METHOD 
2.1. Material 

The materials used are the sensor modules which are DS18B20 temperature sensor and SEN0237 
gravity analog dissolved oxygen sensor. Next is the microcontroller kit that consists of NodeMCU ESP8266, 
20x4-character liquid-crystal display (LCD) with inter-integrated circuit (I2C) and secure digital (SD) card 
module. It is also supported by 12 V 2 A adapter, step down DC to DC converter, tin, electronic components, 
connecting cables, and control panel box. 


2.2. Method 
2.2.1. Hardware 

The proposed of the NodeMCU ESP8266-based IoT monitoring system for temperature and 
dissolved oxygen consists of several stages starting with preparing the tools and materials needed in this 
research (Figure 1). It proceeds with assembling the hardware, namely integrating the NodeMCU ESP8266 
with the sensor, and assembling a remote monitoring system for temperature and dissolved oxygen based on 
the NodeMCU ESP8266. Furthermore, the manufacture of software includes the manufacture of 
microcontroller software, manufacture of LCD interface software and manufacture of IoT software. Followed 
by determining the transfer function of measuring instruments, testing the system as a whole and finally data 
collection. The details of the proposed system can be seen clearly in Figure 1(a). Meanwhile, Figure 1(b) 
shows layout of the circuit design of remote monitoring of temperature and dissolved oxygen levels based on 
Node MCU ESP8266. It is included SEN0237 analog dissolved oxygen sensor, DS18B20 sensor, SD Card 
module, and 20x4 characters I2C LCD module are integrated into the NodeMCU ESP8266. 
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Figure 1. Proposed system of (a) block diagram and (b) circuit design 
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2.2.2. Software 

Figure 2 shows the function of NodeMCU ESP8266 for both with sensors and LCD and also with 
IoT. The software on NodeMCU ESP8266 is made using the Arduino integrated development environment 
(IDE) software. The software interface to LCD using Arduino IDE software that connecting between 
NodeMCU ESP8266 and sensors (DS18B20 dan SEN0237 analog dissolved oxygen sensor). The stages 
include LCD pin configuration, library input, and giving commands to retrieve data from the output of the 
measuring instrument circuit. The flowchart of the programme interface to display characters on the LCD can 
be seen in Figure 2(a). 

Calibration was accomplished by comparing the measured value on the sensor with the measured 
value on a standard measuring instrument. For the DS18B20 sensor, a digital thermometer is used as a 
comparison. The measurement range used is 10 to 50 °C. Meanwhile, for the SEN0237 grativy analog 
dissolved oxygen sensor, a dissolved oxygen meter is used as a comparison. Measurements were made using 
zero dissolved oxygen powder which was added little by little until a measured dissolved oxygen value of 
0 mg/L was obtained. 

Figure 2(b) presents connection of NodeMCU ESP8266 with IoT. The system developed by the 
Arduino IDE software and the IoT interface used Adafruit.io. In details, to connect NodeMCU ESP8266 with 
IoT, it is mandatory to write down the WiFi name and password of the wifi used. To link readings to 
Adafruit.io, the listing should include the Adafruit.io web address, the username of the Adafruit.io account 
used, the active key, and the name of the feed used. The monitoring system that is made is tested first by 
observing each part whether it is working properly. Next, a performance check of the NodeMCU ESP8266 is 
carried out by connecting to the internet so that it reads Adafruit.io. After connected to the internet and a 
notification appears that Adafruit.io has been connected, a comparing the values between on the LCD of the 
device and Adafruit.io. Once the reading value of the measuring instrument that appears is appropriate, the 
tool can be used. 
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Figure 2. Flowchart of NodeMCU ESP8266 with (a) sensors and LCD, and (b) IoT 


Calibration was accomplished by comparing the measured value on the sensor with the measured 
value on a standard measuring instrument. For the DS18B20 sensor, a digital thermometer is used as a 
comparison. The measurement range used is 10 to 50 °C with the sensor readings obtained, the (1) is 
obtained. 
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y = 1,0129x + 0,2557 with R? = 1 (1) 


The (1) is then entered into the Arduino program. It is intended that the readings from the DS18B20 
sensor are the same as standard measuring instruments. After the equation is entered into the Arduino 
program, retesting is carried out with a temperature range of 20 to 35 °C as a representative of the reasonable 
limit for measuring catfish pond water. Data on the results of retesting the DS18B20 sensor can be seen in 
Table 1. Meanwhile, for the SEN0237 grativy analog dissolved oxygen sensor, a dissolved oxygen meter is 
used as a comparison. Measurements were made using zero dissolved oxygen powder which was added little 
by little until a measured dissolved oxygen value of 0 mg/L was obtained. Based on the sensor readings 
obtained, the (2) is obtained. 


y = 126,22x — 129,85 with R? = 0,9664 (2) 


The (2) is then entered into the Arduino program. This aims to convert the reading from SEN0237 
analog dissolved oxygen sensor into mg/L like the reading from dissolved oxygen meter. After the equation 
is entered into the Arduino program, a retest is carried out using local government-owned water utility 
(PDAM) water with calibration powder added little by little until the dissolved oxygen level in PDAM water 
becomes 0 mg/L. The data of SEN0237 analog dissolved oxygen sensor retest can be seen in Table 2. 


Table 1. DS18B20 sensor retest result data 
No Calibrator (¢) __DS18B20 sensor (xi) Difference (x-xi) _|Error| (%) 


1 20 20 0 0.00 
2 21 21.02 -0.02 0.10 
3 22 22.03 -0.03 0.14 
4 23 23.04 -0.04 0.17 
5 24 23.99 0.01 0.04 
6 25 25.00 0.00 0.00 
7 26 26.02 -0.02 0.08 
8 27 27.03 -0.03 0.11 
9 28 28.04 -0.04 0.14 
10 29 28.99 0.01 0.03 
11 30 30.01 -0.01 0.03 
12 31 31.02 -0.02 0.06 
13 32 32.03 -0.03 0.09 
14 33 33.04 -0.04 0.12 
15 34 34.06 -0.06 0.18 
16 35 35.01 -0.01 0.03 
Error mean 0.1 


Table 2. Result of the retest data on SENO237 analog dissolved oxygen sensor 
No _ Calibrator (¥) | SEN0237 sensor (Xi) _ Difference (x-xi) _|Error| (%) 


1 6.50 6.82 -0.32 4.92 
2 6.03 6.57 -0.54 8.9 
3 5.90 6.07 -0.17 2.82 
4 5.70 5.58 0.12 2.05 
5 5.27 5.18 0.09 1.71 
6 4.53 4.35 0.18 4.12 
7 3.80 3.09 0.71 18.77 
8 2.53 1.75 0.78 31.05 
Error mean 9.3 


2.2.3. System realization 

Figures 3 show the location and configuration of the equipment and its placement in the catfish 
farming pond. Pre-data collection was retrieved for 2 days to determine the readiness of the tool before the 
actual data collection was carried out. Pre-data collection was carried out during weather conditions after rain 
and in ponds with cloudy weather conditions accompanied by rain. Data monitoring can be monitored via 
mobile phones and laptops or other devices that can access the internet. To monitor the measurement results 
via the internet, users can open the link that has been provided for this monitoring system. Measurements will 
begin when the NodeMCU ESP8266 microcontroller is connected to the internet. The process of connecting 
the microcontroller to the internet takes +40 seconds depending on the speed of internet access. The better the 
internet network used, the faster the microcontroller is connected. If the internet network is disconnected, the 
data displayed is the last data before the network is disconnected. This monitoring system has a weakness in 
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the dissolved oxygen sensor used, which is a probe filling solution sensor that must always be monitored. 
During the pre-take, it is known that the effective use of the probe filling solution is about 3-4 hours. 
Therefore, every 3-4 hours it is necessary to check and replace the probe filling solution so that the 
measurement results obtained have a good value. The probe filling solution used should always be in good 
condition and no bubbles should form on the filling membrane. The formation of bubbles and poor probe 
filling solution can affect the measurement results. 

Location of the ponds in this research can be clearly seen in Figure 3(a). The laying tools in the field 
using a box that is given a hole and then associated with a paralon pipe tied to the bridge. The tool box, 
modem, and power outlet (Figure 3(b)) are placed in a green box which is then given a hole for the sensor 
probe. The sensor probe is connected to the outside of the box and then inserted into the paralon pipe that has 
been tied to the bridge to prevent the position of the probe from moving if it is hit by a fish that has an impact 
on the measurement (Figure 3(c)). 


(b) 


| Probe DS18B20 [y 
] 
Probe DS18B20 


Probe SENO237 
Analog Dissolved 
Oxygen Sensor 


Probe SENO237 
Analog Dissolved 
Oxygen Sensor 
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Figure 3. The location and configuration of the equipment and its placement in the catfish farming pond 
by (a) location of catfish ponds where data is collected, (b) measurement and IoT system processing 
equipment, and (c) IoT based monitoring system for temperature and dissolved oxygen levels in catfish 
farming ponds 


3. RESULTS AND DISCUSSION 

The calibration process of the SEN0237 analog dissolved oxygen sensor. Measurements were 
carried out three times using water mixed with zero dissolved oxygen powder until the dissolved oxygen 
level in the water was 0 mg/L. Based on the results of the sensor readings obtained the regression formula in 
(2) and adapted into Arduino program. From the results of retesting conducted, it is known that the average 
error in sensor readings is 9.3% (Table 2). Meanwhile, based on the results of the DS18B20 temperature 
sensor during calibration, it is obtained the regression formula in (1). This equation is then adapted into the 
Arduino program. It is intended that the readings from the DS18B20 sensor are the same as standard 
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measuring instruments. From the results of retesting, it is known that the average error value of reading is 
0.1% (Table 1). 

The readings that appear on the Adafruit.io dashboard are temperature, dissolved oxygen (mg/L), 
and dissolved oxygen (ppm) in the form of images and gauges. Figure 4 is the interface display on 
Adafruit.io. The gauge is given a limit value, where if the dissolved oxygen value is below 4 mg/L or 4 ppm 
and the temperature is below 25 °C and more than 30 °C then the gauge will turn red as a sign that the 
measurement was carried out in a condition that is not in accordance with SNI number 01-6483.3-2000. 
Meanwhile, when the measurement results are >4 mg/L or 4 ppm for dissolved oxygen and the temperature is 
around 25-30 °C, the gauge will turn green. Data display indicators for monitoring can be said to be real-time 
if the interface for sensor readings that appear on the LCD and the Adafruit.io dashboard is "same". Figure 5 
shows the real-time readings of the Adafruit.io LCD and dashboard. 


Figure 4. Adafruit.io display developed Figure 5. Testing and validating of the IoT-based system 


Data measurement from the downloaded of Adafruit.io database is in .csv file format, while stored 
on the micro SD card is in the .txt file format (Figure 6). Data stored in the Adafruit.io database can be 
downloaded in .csv file format for each feed (Figure 6(a)). Along side stored online in the Adafruit.io 
database, measurement data is also stored offline on a micro SD card in the form of a .txt file. The stored data 
contains time data, SEN0237 analog dissolved oxygen sensor readings in mg/L and ppm units, as well as 
DS18B20 sensor module readings which are separated by commas “,”. This data can be converted into an 
spreadsheet table for comparative image analysis. Figure 6(b) shows the .txt file data written to and stored on 


the micro SD card. 


AL . fe | id,value,feed_id,created_at,|at,lon,ele È DATAZ - Notepad m ] 
A p c D E F 6 H File Edit View È 
1 [idwvatue fked_id,created_at,lat,lon,ele . : 
2 |OFSZMYT63POV2G/9JWNSPJRBTG, 1.03,2490571, 2023-03-30 05:29:32 UTC,,, Waktu,Dissolved Oxygen (mg/L) ,Waktu,Dissolved Oxygen (ppm), 
3 OF8ZMYX9RQ71RJSD2819HWWEBP4,1.03,2490571,2023-03-30 05:29:42 UTC,,, 07:27:19,2.55,2.55,26.91 | 
4 |OF8ZMZOD7XFMECCGJS6Z27G1X1, 1.03,2490571,2023-03-30 05:29:52 UTC,,, 07:27:30,2.50,2.50,27.73 
5 (0F8ZMZ3G3WGJ1VKYREO3KHFVR1,1.03,2490571,2023-03-30 05:30:02 UTC,,, 07:27:40,2.55,2.55,27.67 
6 |OF8ZMZ6K6SRCQOGEPB1XCD049H, 1.03,2490571,2023-03-30 05:30:13 UTC,,, 07:27:50,2.47,2.48,27.67 
7 |OFSZMZ9NMSYTEVPS9YJCVQGGSH, 1.03,2490571,2023-03-30 05:30:23 UTC,,, 07: :00,2.52,2.52,27.67 
8 |OF8ZMZCQTHNWO30T3QVFW3F2C2,1.03,2490571,2023-03-30 05:30:33 UTC,,, 07:28:10,27.37,27.40,27.67 
9 |OF8ZMZFT28NG7W7Q6YMSC29QG8, 1.03,2490571,2023-03-30 05:30:43 UTC,,, 07: : 21,8.79,8.80,27.60 
10 0F8ZMZIWSG7767GYHRJZ6QVZ1G,1.03,2490571,2023-03-30 05:30:53 UTC,,, 07:28:31,7.84,7.85,27.54 
11 OF8ZMZQ7F1KRJZTF58KN89G309,1.03,2490571,2023-03-30 05:31:07 UTC,,, 07: :41,7.48,7.49,27.35 
12 0F8ZMZS65WW112NY6J4J7NQ1SH,1.03,2490571,2023-03-30 :51,7.48,7.49,27.16 
13 |OF8ZMZW8XFQ851204HKCKXAX39, 1.03,2490571,2023-03-30 05: 201,7.05,7.05,27.35 
14 |OF8ZMZZCRTJOT7X70A22E4GS6A, 1.03,2490571,2023-03-30 05:31:34 UTC,,, 212,4.95,4.96,27.22 
15 |0F8ZNO2G2QNNQTZVFINTYB9162,1.03,2490571,2023-03-30 UTC, :22,3.96,3.96,27.79 
16 OF8ZNOSKEF90C2MPM4N9GH38R0,1.03,2490571,2023-03-30 05: 54 UTC,,, z 32, 3. 50, 3. 50, 27.79 
17 OF8ZNOSRX8GYP13WWHDAMOSK8E, 1.03,2490571,2023-03-30 05:32:05 UTC,,, 242,3.52,3.52,27.86 
18 OF8ZNOBV4N67691EXCR2PW1MSA, 1.03,2490571, 2023-03-30 05:32:15 UTC,,, 752, 3. 39, 3 -40, -128.38 
19 OFSZNOEXFS12BKBPZKMSDYN8Y9, 1.03,2490571,2023-03-30 05:32:25 UTC,,, :03,3.39,3.40,27.86 
20 | OF8ZNOJO7TEPS153C587WY2JHC, 1.03,2490571,2023-03-30 05:32:35 UTC,,, 253,3.50,3.50,27.86 
21 OF8ZNON41RY9GZN31V42YCTOST, 1.03,2490571,2023-03-30 05:32:45 UTC,,, 234,3.27,3.27,27.86 
DO-20230410-0214 @ :44,3.34,3.34,27.86 
S, :37:06,3.29,3.29,27.86 
(a) (b) 


Figure 6. Display of measurement results data of (a) the downloaded from the Adafruit.io database 
in .csv file format and (b) the .txt file data written to and stored on the micro SD card 


Data collection was retrieved for three days (Figure 7). The measuring instrument is placed on a 
bridge with a height of +80 cm from the water surface with the sensor probe submerged about 2-4 cm from 
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the water surface. During data collection, the weather is constantly changing. Data collection on first day was 
in cloudy weather conditions accompanied by rain during the day. The relationship between temperature and 
dissolved oxygen levels from data collection on the first day can be seen in Figure 7(a). From the figure it is 
known that when the temperature increases the dissolved oxygen levels decrease and vice versa. From the 
Figure 7(a), the relationship between temperature and dissolved oxygen levels is most clearly seen at point a 
at 13:15, where the dissolved oxygen value reaches 4.5 mg/L or 4.5 ppm with a measured temperature of 
28.6 °C. It also shows a decrease in dissolved oxygen values and temperature due to rain during the day, from 
13:15 to 14:30. Apart from when it rains, dissolved oxygen values and measured temperatures also tend to 
decrease at night at 19:15. The dissolved oxygen value measured after rain and at night fell below 4 mg/L. 

Data collection on second day was cloudy in the morning, then hot during the day and cloudy again 
in the late afternoon. Figure 7(b) is a graph of the relationship between temperature and dissolved oxygen 
levels. From the Figure 7(b) it is known that when the temperature increases the dissolved oxygen level 
decreases and vice versa as seen at 19:30 to 20:00. In some conditions there are temperature values that are 
not in accordance with the theory, such as at points d to e where the temperature values measured exceed the 
value of 30 °C at 13:00 to 17:30 caused by the hot sun during the day. The dissolved oxygen value between 
10:00 and 11:30 is measured to be less than 4 mg/L in the morning with cloudy weather conditions after rain. 
The low dissolved oxygen value measured is the dissolved oxygen value measured at the time of changing 
the probe filling solution because when changing the probe is removed from the water. The low dissolved 
oxygen measured, aside from the effect of temperature, is also caused by other factors such as the water level 
and the water content. 

Data collection on third day in sunny weather conditions in the morning then hot during the day, 
cloudy in the late afternoon accompanied by rain at night. Figure 7(c) is a graph of the relationship between 
temperature and dissolved oxygen levels. The Figure 7(c) during the temperature increases the dissolved 
oxygen levels decrease and vice versa. The relationship between temperature and dissolved oxygen can be 
seen at 15:45 to 17:15 once dissolved oxygen increases the temperature value decreases. In some conditions 
there are temperature values measured outside the limits of SNI provisions at 11:30 to 16:30 with the 
measured values are more than 30 °C. This condition occurs due to the hot weather during the day that causes 
the temperature to increase. Dissolved oxygen values that were measured outside the regulatory limits were 
seen between 10:00 and 10:45 and at 17:15 to 20:00, where dissolved oxygen values were measured below 
4 mg/L. The low dissolved oxygen measured apart from temperature is also caused by other factors such as 
water level and water content. From the data image, the most obvious one is at 14:00 where the dissolved 
oxygen value reaches 4.2 mg/L or 4.2 ppm with a measured temperature of 30.9 °C. 
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Figure 7. Data collection of dissolved oxygen level (black line) and temperature (gray line) for three days 
(a) first day, (b) second day, and (c) third day data collection 
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Based on measurements carried out for three days, from 10:00 to 20:00 (Table 3), it is known that 
the temperature and dissolved oxygen values of the Karang Intan catfish pond are relatively safe and quite 
good. In the morning dissolved oxygen in fish pond water is quite low, then it increases as the day 
progresses. When it rains, the measured dissolved oxygen levels also decrease. This is similar to research 
conducted by Mardhiya et al. [31] in 2017 which obtained an average dissolved oxygen level in the range of 
3 to 5 mg/L in rainy conditions and a range of 3 to 7 mg/L in cloudy conditions. Abundant oxygen levels 
during the day with sunny weather due to the process of respiration by macrophytes in the mechanism of 
photosynthesis with the help of sunlight. While at night dissolved oxygen decreased again. The decrease in 
dissolved oxygen levels at night is due to the absence of photosynthesis at night, also caused by the level of 
temperature fluctuations by the air, the increased respiration rate of sediment by bacteria and the more 
intense respiration rate in fish ponds by aquatic organisms. As for the temperature, it is influenced by the 
surrounding conditions. As the day gets darker, when the weather is cloudy and it rains, the measured 
temperature decreases and vice versa, when the weather is sunny and the sun is hot enough, the measured 
temperature increases. This is similar to research conducted by Sumardiono et al. [32] in 2020, for example 
when it is sunny the temperature will rise to around 29 °C, when it is foggy it will drop to around 27.7 °C, 
and at night it will generally drop to around 29.4 °C. The graph of the maximum and minimum values of 
dissolved oxygen and temperature measured for 3 days can be seen in Figure 8. 


Table 3. Maximum and minimum values of data for three days of measurement 


D Dissolved oxygen (mg/L) Temperature (°C) 
ay Time Max Time Min Time Max Time Min 
1 10:00:01 4.6 19:45:01 3.81 11:45:09 29.19 20:00:37 27.92 
2 14:30:15 4.6 10:00:42 3.44 15:00:09 30.64 10:00:42 28.43 
3 11:45:20 4.49 10:30:05 3.5 13:30:38 30.9 20:00:12 28.74 
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Figure 8. The maximum and minimum values of dissolved oxygen level and temperature of 3 days of 
measurement 


In Figure 8 it can be seen that dissolved oxygen tends to be lower in the morning, then increases as 
the day progresses. During 3 days the measurement was carried out, the dissolved oxygen levels and 
temperature measured during the measurement had the lowest value of 3.44 mg/L or 3.44 ppm with a 
temperature of 27.92 °C and the highest value of 4.6 mg/L or 4.6 ppm with a temperature of 30.9 °C. From 
the measurements taken, it is known that dissolved oxygen levels have good values during the daytime, while 
in the morning and night have poor values. The maximum value of dissolved oxygen that was measured was 
obtained at 10:00, 14:30, and 11:45. At night dissolved oxygen tends to decrease, where from the data 
obtained it is recorded that the minimum dissolved oxygen value is at 19:45, 10:00, and 10:30. Meanwhile, 
the temperature tends to increase during the day and decreases in the afternoon until the evening. From the 
data recorded from measurements for three days, it was found that the temperature experienced a maximum 
value at 11:45, 15:00, and 13:30. The minimum temperature recorded is at 20:00 and 10:00. The low 
temperature measured in the morning is caused by temperature changes that occur at night accompanied by 
rain, so that when measurements are taken in the morning the measured temperature tends to be low. From 
the measurement data obtained, it is known that dissolved oxygen levels are indeed affected by temperature, 
but this factor does not have a significant effect. There are other factors that affect dissolved oxygen levels in 
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fish pond water. Even so, the water quality measured in the catfish pond is fairly good because the dissolved 
oxygen and measured temperatures are still within safe limits. The circulation of fish pond water is quite 
good so that even though the measured dissolved oxygen was below the SNI number 01-6483.3-2000 
standard for catfish cultivation, dissolved oxygen can again increase to the threshold according to SNI 
number 01-6483.3-2000. This system also spent a low cost for its operation. In details, for the distilled water 
solution as a neutralizer or rinsing probes before and after use, approximately 500 ml of distilled water is 
enough for one week of data collection. As for probe filling or sodium hydroxide (NaOH) liquid, 
approximately 30 ml is enough for one week of data collection. Cost calculation for 1 week, 500 ml of 
distilled water costs USD 0.45 and 30 ml of 0.5 molar NaOH costs USD 0.032 so the total cost for 1 week is 
USD 0.48. (USD 1=IDR 15,719). 


4. CONCLUSION 

An IoT-based monitoring system for temperature and dissolved oxygen levels in catfish farming 
ponds using the DS18B20 and an internet-based dissolved oxygen sensor has been successfully developed. 
This monitoring system are able to measure temperature and dissolved oxygen levels which have a reading 
error value for the DS18B20 sensor of 0.1% and for the SEN0237 analog dissolved oxygen sensor 9.3%. The 
effective value of the probe filling solution on the SEN0237 analog dissolved oxygen sensor is around 
3-4 hours. A water quality monitoring system has been implemented in catfish pond in Karang Intan for 3 
days starting from 10:00 to 20:00. From the measurements that have been made, it is obtained that the 
dissolved oxygen level and temperature measured during the measurement have the lowest value of 3.4 mg/L 
or 3.4 ppm with a temperature of 27.9 °C and the highest value of 4.6 mg/L or 4.6 ppm with a temperature of 
30.9 °C. The main limitation of the dissolved oxygen sensor is the effective use of the probe filling solution is 
about 3-4 hours. Therefore, every 3-4 hours it is necessary to check and replace the probe filling solution. In 
the future, dissolved oxygen sensor replacement with longer lifetime of used for the probe filling solution 
replacement. This future research also using photovoltaic cells as independent energy to supply to system so 
it can be implemented into remote ponds that are unavailable electricity source. 
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